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(54) Exchange coupled barber pole magnetoresistive sensor 



(57) Biasing of a BP MR sensor is disclosed in which 
single domain stability is achieved by use of conductive 
strips made of bi layers of an antiferromagnetic ex- 
change pinning material and a high conductivity non 
magnetic metallic layer which overlays the pinning ma- 
terial, the bilayer strip being geometrically oriented at 
approximately 45* to the longitudinal axis of the MR film. 
Deposited first directly on top of the MR film, the pinning 
material exchange couples to the MR layer and is 
aligned to pin the MR magnetization underneath the 
slanted strip along the longitudinal axis of the MR film. 
The high conductivity component of the bilayer strip is 
designed to reduce the net sheet resistivity of the strip 
to be very much less than that of the MR film. With the 
pinning direction aligned along a single direction longi- 
tudinal to the MR film easy axis, the exchange pinning 
strip aligns and stabilizes the MR magnetization under- 
neath the strips to remain longitudinal, which through 
intrinsic anisotropy and internal magnetostatic and ex- 
change coupling aligns and stabilizes a single domain 
longitudinal bias magnetization in all active regions be- 
tween strips. 




CM 
< 

<D 

o> 

GO 
00 

o 

Q. 
HI 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 738 896 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to magnetoresistive (MR) 
sensors, and in particular to MR sensors utilizing "bar- 
ber-pole 0 biasing of the MR element. 

2 Description Relative to the Prior Art 

A magnetoresistive (MR) field sensor may be used 
to detect magnetic fields for a wide range of applica- 
tions ranging from detecting weak, uniform magnetic 
fields generated by remote objects (e.g. submarines, 
geologic anomalies) to the large but extremely localized 
fields from a disk or tape magnetic medium used for high 
density information storage. Intermediate examples are 
posil on/mot ion detectors (e.g. encoders, accelerome- 
teis) which sense the change in magnetic fields from a 
permanent magnet in motion relative to the MR sensor, 
or document (e.g. currency) authentication systems 
which detect the stray fields Irom the magnetic compo- 
nent of the ink used to print the document. MR sensors 
have the advantage (compared to inductive devices) in 
maintaining large field sensitivity that is independent of 
the frequency (from dc to over 100 MHz) of the signal 
field lo be detected. MR sensors also have the property 
that the output signal is dependent upon their magneti- 
zation state at their operating (bias) point.ln typical ap- 
plications employing thin magnetic films exhibiting ani- 
sotropic magnetoresistance (AMR), it is desirable to 
maintain the MR sensor in a stable, single domain bias 
magnetization state with the magnetization vector at 
roughly 45° to the sense current to maximize sensitivity 
and linear dynamic range, avoid the well known 
Barkhausen noise, and insure reproducible output sig- 
nal for the given input signal field to be detected. 

One method of arranging the 45° bias angle is the 
"barber pole" (BP) configuration known in the art (U.S. 
Patent # 4,052,748) which discloses a thin-film MR ele- 
ment in the shape of an elongated parallelogram, (usu- 
ally a rectangle), which is designed to detect signal fields 
transverse to (and in the plane of) the longitudinal axis 
of the MR element. On top of the MR film there are (de- 
posited) a periodic array of high conductivity strips slant- 
ed at about 45° with respect to the MR element's longi- 
tudinal axis. Current flow in the active area of the MR 
element (between the strips) flows at roughly 90° to the 
high conductivity strips, which is again at about 45° to 
the MR film's longitudinal axis. The longitudinal axis is 
also the easy axis of magnetization for the MR element, 
and along which the magnetization will prefer to be 
aligned at the quiescent bias point. However, this pref- 
erence is axial, not directional ( left or right along the 
longitudinal axis), and the basic barber pole design may 
not always be stable against formation of metastable 



multidomain states with magnetization in different re- 
gions of the MR film separated by domain walls along 
opposite longitudinal directions. While domain wall mo- 
tion in multidomain bias states gives rise to Barkhausen 
5 noise in all MR sensor designs, the BP design in partic- 
ular is susceptible to signal loss when not in a single 
domain state, since the signal contributions from oppo- 
sitely magnetized domains tend to cancel one another. 
One stabilization method disclosed in IBM Techni- 
10 cal Disclosure Bulletin, vol. 20, pp. 79 1-793, July 1977, 
comprises a bilayer slanted conduction strip consisting 
of a first layer of either nonmagnetic or soft magnetic 
conductive material, and a second layer of magnetically 
hard permanent magnet (PM) material that is magnet- 
's ized along the longitudinal direction of the MR film. It is 
probable that the utility of this method is limited as the 
fields generated by the PM strip layer on the MR film will 
reverse longitudinal direction at or near the edge of the 
strip, which cannot provide for a unique direction of sta- 
bility throughout the MR film, and in fact will likely be a 
source of generation of undesirable domain walls at or 
near the strip edges. Further, the stray fields from the 
PM strips are not locally confined to the strip region, and 
can be large enough in the active region between the 
strips to substantially and negatively impact the field 
sensitivity of the MR film. 

Another stabilization method is disclosed In U.S. 
Patent # 4 : 639,806 which teaches the use of monolayer 
slanted strips consisting of PM material (CoP) in contact 
with and exchange coupled to the MR film. The sheet 
resistivity of the PM materials is likely to be comparable 
to the resistivity of the MR film, and such slanted strips 
are not likely to act as effective equipotentials whereby 
the current flow between strips is perpendicular to the 
long axis of the strips.The embodiments disclosed in the 
prior art recommend that the PM strips be magnetized 
either parallel, or perpendicular to the longitudinal axis 
of the strips, which in either case is roughfy at 45° to the 
longitudinal axis of the MR film. Because the strips are 
exchange coupled to the MR film below, they force the 
magnetization underneath the strips to be misaligned 
with the MR film longitudinal axis ( i.e., the optimum sta- 
bility direction), which will, through magnetostatic plus 
internal exchange stiffness also result in some degree 
of misalignment of the magnetization in the active sen- 
sor region between strips. The stray fields of the PM 
strips will also contribute to misalignment, and it is likely 
to significantly reduce MR sensitivity as described 
above. 

In IEEE Trans. Magn., vol. 18, pp. 1149-1151 1982, 
Tsang and Fontana describe the use of a FeMn ex- 
change pinning layer deposited everywhere on top of a 
NiFe (PERMALLOY) AMR film prior to deposition and 
patterning of Ti-Au conductive BP strips. The antiferro- 
magnetic FeMn pinning layer was aligned to pin the MR 
magnetization along the longitudinal axis of the MR film, 
with an effective exchange field of about H ex =24 Oe. It 
was shown that this approach was effective in stabilizing 
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single domain in the MR film and grossly reducing the 
Barkhausen noise that was observed without the pin- 
ning layer. However, placing the pinning layer in the ac- 
tive region between the slanted strips will in general re- 
sult in loss of sensitivity of the device. With exchange 
fields H ex of tens of Oersteds ( the larger the better for 
guaranteeing stability), this loss in sensitivity will most 
likely be substantial, and be accompanied by a loss of 
linear dynamic range (i.e., increase in odd order nonlin- 
ear distortion) of the MR response transfer function 
which in general results when using longitudinal stabili- 
zation fields on BP sensors designed to measure trans- 
verse fields. The FeMn layer will in this case also serve 
to shunt some fraction of the sensing current, thereby 
also reducing the net magnetoresistive signal output. 

Tsang (IEEE Trans Magn., vol.25, pp. 3692-3694 
and U.S. Patent #4,633,685) discloses the use of pat- 
terned exchange end-tabs for longitudinally exchange 
pinning only the end regions of an MR film sensor/head. 
U.S. Patent # 3,533,685 does not discuss application to 
the slanted conducting strips of a BP sensor Fig. 5 of 
the above referenced journal article discloses results for 
a stabilized "barber-pole-biased" MR reproduce head. 
However, in this case, the exchange pinning tabs were 
at the longitudinal ends of the MR element, and were 
external to the slanted conducting current leads which 
defined the central active reproduce trackwidth. Further, 
this device had no additional slanted conducting strips 
in the active area, and is applicable only to sensor ge- 
ometries where the MR film height is comparable to the 
active sensor trackwidth. 



longitudinal bias magnetization in all active regions be- 
tween strips. 

Being antiferromagnetic, the exchange strips pro- 
duce no external magnetic fields to either reduce intrin- 

s sic sensitivity, or misalign the bias magnetization in the 
active region away from the optimal longitudinal direc- 
tion. Being only beneath the slanted strips the exchange 
layer does not directly couple to the MR film in the active 
layer, and so no significant loss in MR sensitivity is in- 

10 curred regardless of the strength of the exchange pin- 
ning field H ex . As the sheet resistivity is low in compar- 
ison to the MR film, the bilayer slanted strips will help 
insure that current flow in the MR active region remains 
nearly perpendicular to the axis of the slanted strip, and 

is thereby very near the optimal 45° to the direction of sta- 
bilized bias magnetization. With exchange pinned bias 
point magnetization longitudinal to the MR element and 
parallel to an intrinsic easy axis, maximum bias stability 
is achieved, and such a BP MR sensor has selective 

20 vector sensitivity only to signal fields transverse to the 
longitudinal axis of, and in the plane of, the MR film. The 
exchange pinning of the magnetization underneath the 
slanted strips also reduces or eliminates undesirable 
self -bias effects from the transverse magnetic fields pro- 

2$ duced by the longitudinal current flow in the slanted 
strips; 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 The invention will be described with respect to the 
drawings of which: 



SUMMARY OF THE INVENTION 

Rather than covering the entire MR film with an ex- 
change coupled pinning layer or using exchange cou- 
pled pinning tabs at the longitudinal ends of the MR layer 
as taught in the prior art, the present invention discloses 
biasing of a BP MR sensor in which single domain sta- 
bility is achieved by use of conductive strips made of 
bilayers of an antiferromagnetic or ferrimagnetic ex- 
change pinning material and a high conductivity non 
magnetic metallic layer which overlays the pinning ma- 
terial, the bilayer strip being geometrically oriented at 
approximately 45° to the longitudinal axis of the MR film. 
Deposited first, directly on top of the MR film, the pinning 
material exchange couples to the MR layer and is 
aligned to pin the MR magnetization underneath the 
slanted strip along the longitudinal axis of the MR film. 
The high conductivity component of the bilayer strip is 
designed to reduce the net sheet resistivity of the strip 
to be very much less than that of the MR film. With the 
pinning direction aligned along a single direction longi- 
tudinal to the MR film easy axis, the exchange pinning 
strip aligns and stabilizes the MR magnetization under- 
neath the strips to remain longitudinal, which through 
intrinsic anisotropy and internal magnetostatic and ex- 
change coupling aligns and stabilizes a single domain 



Fig. 1 is a perspective drawing of the invention, 
Fig. 2 is drawing illustrating the magnetization di- 
rection and the current flow in the MR layer of the 
invention, 

Fig. 3a is a drawing of a center tapped second em- 
bodiment of the invention, 
Fig. 3b is a schematic of a differential detection cir- 
cuit to provide an output from a center tapped em- 
bodiment of the invention, 
Fig. 3c is a schematic of a bridge circuit to provide 
an output from a center tapped embodiment of the 
invention, and 

Fig. 3d is a drawing of a center tapped third embod- 
iment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Fig.1, an elongated MR layer 10 is de- 
posited upon a substrate 12. The MR layer 10 is prefer- 
ably NiFe (PERMALLOY) and typically the thickness of 
the MR layer 10 is approximately 250 angstroms. Bilay- 
er strips e.g., 14, 15, 16 are deposited across the MR 
layer 10 with the axes of the strips e.g.,14,15 : 16 ap- 
proximately at a slant angle H* of 45°, with the longitu- 
dinal direction of the MR strip 10. Each bilayer strip 14, 



40 



45 



so 



3 



5 



EP 0 738 896 A2 



6 



15,16 is fabricated with a antiferromagnetic exchange 
pinning layer 18,20,22 deposited directly on the MR lay- 
er 10. Geometrically congruent conducting layers 
24,26,28 are deposited directly over the antiferromag- 
netic pinning layers 18, 20,22 to complete the bilayer 
strips 14,15,16. The antiferromagnetic pinning layers 
18,20,22 are typically of FeMn, deposited in thickness 
of from 100-300 angstroms. The conducting layers 
24,26,28 are typically deposited.Au in thickness of 0.1 
to 1.0 microns. External current leads 30,32 of Au are 
deposited to provide contact to the longitudinal ends of 
the MR layer 10. The contact area of current leads 30,32 
with MR layer 10 may also consist of a bilayer with ex- 
change pinning material directly in contact the MR film 
10. The slanted bilayer strips e.g. 14, 15,16 and end 
contact regions may be constructed photolithographi- 
cally using a lift-off process known in the art. 

A Ta adhesion layer may be deposited on the sub- 
strate prior to the deposition of the MR layer, and a final 
dielectric passivation layer (e.g., Si0 2 ) may be deposit- 
ed over the rest of the structure, in a manner known in 
the art. 

The MR element and exchange layer are deposited 
in the presence of a magnetic field that is aligned along 
the direction that will define the longitudinal axis of the 
MR layer. Post deposition annealing in an external field 
magnetic field aligned in the same direction may be op- 
tionally employed to enhance the exchange coupling 
strength. For example, Chen et al (U.S. Patent 
#5,262,914 and IEEE Trans. Magn., vol. 29, pp. 
4077-4079, 1 993) discloses the deposition of Au on top 
of FeMn (< 200 angstroms thick) exchange coupled to 
NiFe can improve the exchange coupling between the 
latter, and that additional annealing cycles can even fur- 
ther increase the coupling. Lin et al in U.S. Patent # 
5,315,468 teach that yet substantially stronger ex- 
change coupling can be achieved using a NiFe-NiMn 
exchange coupling pair, although in this case post-dep- 
osition anneal is definitely required. (If necessary, a thin 
film of Ta may be deposited prior to the Au to prevent 
interdiffusion of the Au into the NiMn during annealing.) 
Because NiMn is much less corrosive than FeMn, it is 
more suitable for applicatbns where some part of the 
BP slanted strips are exposed to the environment (e.g., 
a magnetic recording head at the head-medium inter- 
face). The increased H ex available Irom NiFe-NiMn 
(compared to FeMn) further insures single domain sta- 
bility without, as noted earlier, any loss in sensitivity from 
the BP MR design taught herein. 

Referring to Fig. 2, in a good barber pole design, 
the slant strip 14,15 : 16 width b is less than, or compa- 
rable to, the active MR width d, which in turn is less than, 
or comparable to, the height L of the MR layer 10. Fur- 
ther, the design must maintain the angle 8 between the 
bias magnetization M and sheet current density J at or 
near 45 0 . If p is the sheet resistance of the MR layer 
10, and p' is the combined parallel sheet resistance of 
slant strip e.g. 14 and the MR layer 10, then in general, 



the geometry b:d:L=1:1:1 with p/p'^1/20 and 
40°<*F<9<45 0 , is roughly optimal for most applications. 

The BP MR herein described is particularly well suit- 
ed for applications requiring an MR sensor for detecting 
5 moderate (<100 Oe) to small magnetic fields (~1mOe) 
from either remote sources, or from moderate to low 
density magnetic recording applications, such as read- 
ing signals from the magnetic stripes on credit/bank 
cards, or documents that are printed with magnetic ink. 
10 in these applications, unshielded BP MR sensors with 
MR film heights L>10u.m are suitable, particularly for 
wide trackwidth applications where the width W>L and 
W>100uin, and where as described by Tsang, simply 
exchange pinning only the ends of a conventional AMR 
is film was insufficient to maintain single domain stability 
over the central region. By contrast the periodic ex- 
change slant strip pinning the BP MR of the present in- 
vention works equally well for arbitrarily long irackwidths 
W. Being unshielded, the high conductivity layer of the 
20 slanted strips can be made reasonably thick (1/3-1 urn) 
to minimize the sheet resistivity of the slanted strips rel- 
ative to the MR film. 

It is known in the art that differential detection of two 
oppositely biased MR sensors, electrically connected at 
2S a common "center-tapped" terminal, can reduce (if not 
eliminate) both the even order harmonic distortion and 
temperature fluctuation noise common to single ele- 
ment MR sensor designs. For the exchange pinned BP 
MR this is readily accomplished photo! ithographically, 
30 and may be incorporated in a second embodiment of 
the invention by orienting one half of the slanted barber- 
pole exchange/conductor strips as described supra at 
the supplementary angle ¥'= '\S0°- X ¥. Referring to Fig. 
3a, a center tapped MR sensor 34 consists of an MR 
3S layer 36 having two nominally identical half "legs" 38, 
40 defined by and located on either side of a conductive 
center tap lead 42 electrically connected to the center 
of the MR layer 36. Deposited over the leg 38 are slanted 
bilayer strips e.g., 44,46,48 consisting of an exchange 
40 pinning layer overlaid by a conductive layer as de- 
scribed in the first embodiment of the invention, supra. 
The contact area of the lead 42 with the MR layer 36 
may also consist of a similar bilayer composition. The 
strips e.g.44,46,48, on one side of the conductive lead 
45 42, are at an angle Y with respect to a longitudinal edge 
of the MR layer 36. The strips 50 : 52,54, on the other 
side of the conductive lead 42, are at an angle ^ISO 0 - 
H*. (In the drawings, different but related elements are 
identified by the same reference character, albeit that 
so the different elements are distinguished by primes.) Cur- 
rent leads 56,58 electrically contact the MR layer 36 at 
or near its ends, and define the active trackwidth of the 
sensor. For both leads 56,58 their contact area with the 
MR layer 36 may consist of a bilayer of exchange pin- 
55 ning material overlaid by a conductive layer as de- 
scribed supra. The magnetizations M^ in leg 38, and 
M 40 in leg 40 are exchange pinned to be in the same 
longitudinal direction. 
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Referring to Fig.3b and Fig. 3c, the center-tapped 
MR sensor 34 can be incorporated into two prototypical 
detection circuits. Fig. 3b is a fully differential circuit with 
two matched current sources, and Fig. 3c, which is a 
simpler bridge circuit requiring only a single voltage 
source. In the circuit of Fig. 3b, sense current ! s enters 
each of the end leads 56,58, and leaves through the 
center tap lead 42, which needs to carry twice the cur- 
rent 2I S . In the circuit of Fig. 3c, the sense current Is 
enters and leaves through the end leads 56,58. The 
center tap lead 42 nominally carries zero current, there- 
by primarily acting only as a voltage tap. Provided both 
legs 38 and 40 of the center tapped BP MR sensor 34 
are sufficiently well coupled thermally so as to remain 
at the same temperature, the differential detection cir- 
cuit (Fig. 3b) in principle provides perfect cancellation 
of temperature fluctuation noise, as well as any residual 
even-order harmonic distortion if 8*45°. The bridge cir- 
cuit of Fig. 3c also provides such cancellation, but only 
to first order in the magnetoresistive coefficient AR/R i. 
e., the cancellation may be inexact by a percentage 
amount of up to AR/R (=2% at worst, for NiFe). For most 
applications this should be sufficient, particularly given 
the much greater simplicity of the bridge circuit (Fig. 3c), 
and its avoidance of a high current center tap. 

A third embodiment of the invention is shown in Fig. 
3d, where a configuration of a center tapped MR sensor 
68 comprises MR legs 70,72 which, unlike the second 
embodiment described supra, are non-collinear. A cent- 
er tap lead 88 is electrically connected between the legs 
70,72, and end current leads 90, 92 are provided to feed 
sense current to the MR sensor 68. Slanted strips e.g. 
74,76,78,80, which are bilayer pinning strips as dis- 
closed supra, are provided at a slant angle Y'" on leg 
70, and slant angle Y" on leg 72. The longitudinal com- 
ponent of the exchange pinned bias magnetizations 
M 70 , M 72 of each leg, is the same in each leg 70,72. In 
the case Y"'= 1 80° -Y" the center tapped sensor 68 func- 
tions in a manner similar to the collinear sensor 34 de- 
scribed supra. In the case Y'"=Y n the MR sensor 68, 
when used in the detection circuits of Fig. 3b and Fig. 
3c will give no output in response to a common-mode 
(uniform) signal field seen equally by both legs 70,72. 
Such a sensor is useful in reading information from a 
magnetically recorded medium 82 in a high external 
magnetic noise environment, provided that the first leg 
(i.e. 72) is in sufficiently close proximity to the magneti- 
cally recorded medium 82 to be detected, while the sec- 
ond leg (i.e. 70) is sufficiently remote from the medium 
82 so that it sees only a small fraction of the signal field 
seen by the first leg 72.For both cases Y"'= 180° -Y D or 
Y'"= Y", the MR sensor 68 also provides cancellation of 
temperature fluctuation noise.Compared to the MR sen- 
sor 34, the closer proximity of the two legs of the MR 
sensor 68 may, in some circumstance, provide better 
thermal contact between the legs 70,72 thereby mini- 
mizing their difference in temperature. It is also possible 
to combine the designs of the MR sensors 68 and 34 so 



that each leg of MR sensor 68 is itself a center tapped 
sensor the same as MR sensor 34. Then, all four sensor 
legs can be used to construct a bridge circuit, with the 
net output signal now being the difference voltage be- 

5 tween the two center tapped leads. 

The invention has been described in detail with par- 
ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modifications 
can be effected within the spirit and scope of the inven- 

10 tion. For example, an antiferromagnetic exchange pin- 
ning layer has been described, however it is also pos- 
sible to use, in all cases, a ferrimagnetic exchange pin- 
ning layer such as TbCo. 



Claims 

1. A magnetoresistive magnetic field sensor compris- 
ing: 

20 

a) a thin film magnetoresistive element of a lay- 
er of electrically conductive, ferromagnetic, an- 
isotropically magnetoresistive material, said 
layer having a magnetic easy axis which coin- 

25 cides with the longitudinal axis of said element, 

said element having a longitudinal dimension 
which exceeds that of its transverse dimension, 

b) any array of one or more lithographically pat- 
terned slanted strips of electrically conductive, 

30 anti- ferromagnetic or ferrimagnetic material in 

direct electrical contact with, and magnetically 
exchange coupled to said magnetoresistive 
layer, whereby said strips provide a unidirec- 
tional effective exchange field on said first mag- 
55 netoresistive layer which is oriented along said 

longitudinal axis of said magnetoresistive ele- 
ment, and further wherein at least one edge of 
said slanted strips makes an acute angle Y with 
said longitudinal axis of said magnetoresistive 
40 element, 

c) a nonmagnetic, electrically high conductivity 
material photolithographically configured geo- 
metrically congruent to, and overlaying said 
strip in direct electrical contact with said strip, 

45 and 

d) means for making electrical contact to the 
end regions of said magnetoresistive element 
for the purpose of connection to an electrical 
excitation source. 

so 

2. The sensor of Claim 1 wherein said magnetoresis- 
tive layer is NiFe(PERMALLOY). 

3. The sensor of Claim 1 or Claim 2 wherein said ex- 
55 change coupling material is FeMn, NiMn or TbCo. 

4. The sensor of Claim 1 , 2 or 3 wherein said non mag- 
netic, electrically high conductivity material com- 
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prises Au. 

5. The sensor of any one of Claims 1 to 4 wherein said 
angle V is between 20 and 70 degrees. 

5 

6. A magnetoresistive magnetic field sensor compris- 
ing: 

a) a thin film magnetoresistive element of a lay- 
er of electrically conductive, ferromagnetic, an- 10 
isotropically magnetoresistive material, said 
layer having a magnetic easy axis which coin- 
cides with the longitudinal axis of said element, 
said element having a longitudinal dimension 
which exceeds that of its transverse dimension, is 

b) means for making electrical contact to the 
center region of said magnetoresistive field 
sensor, wherein said magnetoresistive field 
sensor is geometrically equally divided into a 
first leg and a second leg, 20 

c) a first array having one or more lithographi- 
cally patterned slanted strips of electrically con- 
ductive, antiferromagnetic or ferrimagnetic ma- 
terial in direct electrical contact with said first 

leg and magnetically exchange coupled to said 25 
first magnetoresistive layer at said first leg, 
whereby said strips provide a unidirectional ef- 
fective exchange field on said magnetoresistive 
layer which is oriented along said longitudinal 
axis of said magnetoresistive element, and fur- 30 
ther wherein at least one edge of said slanted 
strips of said first array makes an acute angle 
*F with said longitudinal axis of said magnetore- 
sistive element, 

d) a second array having one or more litho- 35 
graphically patterned slanted strips of electri- 
cally conductive, antiferromagnetic or ferrimag- 
netic material in direct electrical contact with 
said second leg and magnetically exchange 
coupled to said magnetoresistive layer at said 40 
second leg, whereby said strip provides a uni- 
directional effective exchange field on said 
magnetoresistive layer which is oriented along 
said longitudinal axis of said magnetoresistive 
element, and further wherein at least one edge 45 
of said slanted strips of said second array 
makes an angle supplemental to said angle Y 
with said longitudinal axis of said magnetore- 
sistive element, 

e) a non magnetic, electrically high conductivity so 
material photo lithographically configured to be 
geometrically congruent to, and overlaying said 
strip of said first array and said strip of said sec- 
ond array, said non magnetic, electrically high 
conductivity material being in direct electrical 55 
contact with said strip of said first array and said 
strip of said second array, and 

f ) means for making electrical contact to the end 



regions of said magnetoresistive element for 
the purpose of connection to an electrical exci- 
tation source. 

7. The sensor of Claim 6 wherein said magnetoresis- 
tive layer is NiFe(PERMALLOY). 

8. The sensor of Claim 6 or Claim 7 wherein said ex- 
change coupling material is FeMn, NiMn or TbCo. 

9. The sensor of Claim 6, 7 or 8 wherein said non mag- 
netic, electrically high conductivity material com- 
prises Au. 

10. A magnetoresistive magnetic field sensor compris- 
ing: 

a) a thin film magnetoresistive element of a lay- 
er of electrically conductive, ferromagnetic, an- 
isotropically magnetoresistive material, said 
layer being configured as a first and second non 
collinear, parallel oriented legs, each of said 
legs having a magnetic easy axis which coin- 
cides with the longitudinal axis of said leg, and 
each of said legs having a longitudinal dimen- 
sion which exceeds that of its transverse di- 
mension, 

b) means for making electrical contact with said 
first leg at a first longitudinal end of said first 
leg, said means for making electrical contact 
being further in contact with said second leg at 
a first longitudinal end of said second teg, 
wherein said means for making electrical con- 
tact forms a center tap common to said first leg 
and said second leg, 

c) a first array having one or more lithographi- 
cally patterned slanted strips of electrically con- 
ductive, antiferromagnetic or lerrimagnetic ma- 
terial in direct electrical contact with said first 
leg and magnetically exchange coupled to said 
magnetoresistive layer at said first leg, whereby 
said strips provide a unidirectional effective ex- 
change field on said magnetoresistive layer 
which is oriented along said longitudinal axis of 
said magnetoresistive element, and further 
wherein at least one edge of said slanted strips 
of said first array makes an acute angle V with 
said longitudinal axis of said first leg, 

d) a second array having at one or more litho- 
graphically patterned slanted strip of electrical- 
ly conductive, anti- ferromagnetic or ferrimag- 
netic material in direct electrical contact with 
said second leg and magnetically exchange 
coupled to said magnetoresistive layer at said 
second leg, whereby said strips provide a uni- 
directional effective exchange field on said 
magnetoresistive layer which is oriented along 
said longitudinal axis of said magnetoresistive 
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efement, and further wherein at least one edge 
of said slanted strips of said second array 
makes an acute angle *P, or makes an angle 
supplemental to said angle with said longitu- 
dinal axis of said second leg, s 

e) a non magnetic, electrically high conductivity 
material photolithographically configured to be 
geometrically congruent to, and overlaying said 
strip of said first array and said strip of said sec- 
ond array, said non magnetic, electrically high w 
conductivity material being in direct electrical 
contact with said strip of said first array and said 
strip of said second array, and 

f ) means for making electrical contact to the end 
regions of said magnetoresistive element for is 
the purpose of connection to an electrical exci- 
tation source. 
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FIG. 3a 
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FIG. 3b 
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(54) Exchange coupled barber pole magnetoresistive sensor 



(57) Biasing of a BP MR sensor is disclosed in which 
single domain stability is achieved by use of conductive 
strips made of bilayers of an antiferromagnetic ex- 
change pinning material and a high conductivity non 
magnetic metallic layer which overlays the pinning ma- 
terial, the bilayer strip being geometrically oriented at 
approximately 45° to the longitudinal axis of the MR film. 
Deposited first, directly on top of the MR film, the pinning 
material exchange couples to the MR layer and is 
aligned to pin the MR magnetization underneath the 
slanted strip along the longitudinal axis of the MR film. 



The high conductivity component of the bilayer strip is 
designed to reduce the net sheet resistivity of the strip 
to be very much less than that of the MR film. With the 
pinning direction aligned along a single direction longi- 
tudinal to the MR film easy axis, the exchange pinning 
strip aligns and stabilizes the MR magnetization under- 
neath the strips to remain longitudinal, which through 
intrinsic anisotropy and internal magnetostatic and ex- 
change coupling aligns and stabilizes a single domain 
longitudinal bias magnetization in all active regions be- 
tween strips. 
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